We examine the charmless hadronic B decay modes in the context of R-parity violating (R p / ) supersymmetry. We try to explain the large branching ratio
I. INTRODUCTION
For the last few years, different exeperimental groups have been accumulating plenty of data for the charmless hadronic B decay modes. The CLEO [1] [2] [3] [4] [5] , the Belle [6] [7] [8] and the BaBar collaboration [9] [10] [11] [12] are providing us with the information on the branching ratio (BR) and the CP asymmetry for different decay modes. A clear picture is about to emerge from these information.
Among the B → P P (P denotes a pseudoscalar meson) decay modes, the branching ratio for the decay B ± → η ′ K ± is found to be still larger than that expected within the Standard Model (SM). The SM contribution is about 3σ smaller than the experimental world average (see Fig.1 ). Among the B → V P (V denotes a vector meson) decay modes, the experimentally observed BR for the decay B 0 → ηK * 0 has been aloso found to be 2σ larger than the SM.
The decay B ± → φK ± has been observed recently, and the BR for the newly observed decay B ± → ηK * ± is also now available.
In this paper, we address these large BR problems of B ±(0) → η (′) K ±( * 0) systems using Rparity violating (R p / ) supersymmetric theories (SUSY). The effects of R p / couplings on B decays have been investigated previously in the literatures [13, 14] , where attempts were made to fit just the large BR for B ± → η ′ K ± [14] . At present, we have many more available results. Some of these results are concerned with decay modes involving η ( ′ ) and these modes are influenced by the same R p / coupling that affects B ± → η ′ K ± . For example, the decay modes B ± → ηK * ± , B 0 → ηK * 0 , B 0 → η ′ K 0 are affected by the new couplings which cure the large BR problem of B ± → η ′ K ± . Hence, it is natural to investigate these newly observed decay modes and try to see whether all the available data can be explained simultaneously. We also need to be concerned about the other observed (not involving η (′) ) B → P P and B → V P decay modes, which could be influenced by these new couplings. Our effort is not to affect the other modes as much as possible, since except for B → η (′) K ( * ) decay modes, the other observed modes fit the available data well [15, 16] within the SM. Further, using the preferred values of different parameters (e.g., new couplings etc.), we also make predictions for CP asymmetrey for these observed modes which will be verified in the near future.
We organize this letter as follows. In section II, we give a very brief introduction to the SM and R p / Hamiltonian, and list the possible R p / operators that can contribute to charmless B decays. We discuss the B → P P and B → P V decay modes in section III. The new physics contributions to different decay modes are also discussed. In section IV, we show how R p / can explain the branching ratio of B → η (′) K ( * ) decay modes without jeopardizing many other B → P P and B → V P decay modes. We also discuss the CP asymmetry of these decay modes.
We conclude in section V.
II. EFFECTIVE HAMILTONIAN FOR CHARMLESS DECAYS
The effective Hamiltonian for charmless nonleptonic B decays can be written as
The Wilson coefficients (WCs), c i , contain the short-distance QCD corrections. We find all our expressions in terms of the effective WCs and refer the reader to the papers [17] [18] [19] [20] for a detailed discussion. We use the effective WCs for the processes b → sqq ′ and b → dqq ′ from Ref. [19] . The regularization scale is taken to be µ = m b . In our discussion, we will neglect small effects of the electromagnetic moment operator O 12 , but will take into account effects from the four-fermion operators O 1 − O 10 as well as the chromomagnetic operator O 11 .
The R p / part of the superpotential of the minimal supersymmetric standard model (MSSM)
can contain terms of the form
where E i , U i and D i are respectively the i-th type of lepton, up-quark and down-quark singlet superfields, L i and Q i are the SU(2) L doublet lepton and quark superfields, and H 2 is the Higgs doublet with the appropriate hypercharge. From the symmetry reason, we need λ ijk = −λ jik and λ
The bilinear terms can be rotated away with redefinition of lepton and Higgs superfields, but the effect reappears as λs, λ ′ s and lepton-number violating soft terms [21] .
The first three terms of Eq.(2) violate the lepton number, whereas the fourth term violates the baryon number. We do not want all these terms to be present simultaneously due to catastrophic rates for proton decay. In order to prevent proton decay, one set needs to be forbidden.
For our purpose, we will assume only λ ′ −type couplings to be present. Then, the effective Hamiltonian for charmless nonleptonic B decay can be written as
with
where α and β are color indices and γ µ R,L ≡ γ µ (1 ± γ 5 ). The leading order QCD correction to this operator is given by a scaling factor f ≃ 2 for mν = 200 GeV.
The available data on low energy processes can be used to impose rather strict constraints on many of these couplings [22] [23] [24] . Most such bounds have been calculated under the assumption of there being only one non-zero R p / coupling. There is no strong argument to have only one R p / coupling being nonzero. In fact, a hierarchy of couplings may be naturally obtained [23] on account of the mixings in either of the quark and squark sectors. In this paper, we try to find out the values of such R p / couplings for which all available data are simultaneously satisfied. An important role will be played by the λ ′ 32i -type couplings, the constraints on which are relatively weak.
III. B → P P AND B → V P DECAY MODES
We consider next the matrix elements of the various vector (V µ ) and axial vector (A µ ) quark currents between generic meson states. For the decay constants of a pseudoscalar or a vector meson defined through
we use the followings (all values in MeV):
The decay constants of the mass eigenstates η and η ′ are related to those for the weak eigenstates through the relations
The mixing angle can be inferred from the data on the γγ decay modes [25] to be θ ≈ −22
• .
The B → P matrix element can be parametrized as
and the B → V transition is given by
The quantities F The R p / part of the amplitude of
where ξ ≡ 1/N c (N c denotes the effective number of color),m ≡ m 
where
IV. RESULTS
In our calculation, we use the following input for the Cabibbo-Kobayashi-Maskawa (CKM)
angles:
We first try to explain the large branching ratio of B ± → η ′ K ± . The observed BR for this mode in three different experiments are [4, 7, 12 ]
+12 −11 ± 9 (Belle). (12) The three results are close and we use the world average of them: (75±7)×10 −6 . The maximum BR in SM that we find is 42 × 10 −6 (Fig. 1) . Now combining Fig. 1 and Fig. 2 , we find that |λ
06 is allowed by both decay modes for ξ ∼ 0.25. We note that the BaBar's number for this mode is quite close to the value observed by the CLEO, but the Belle's number is more than 2σ away from the CLEO's central value. We hope that this discrepancy will be sorted out in the near future.
In Fig. 3 , we exhibit the BR for the deacy B ± → ηK * ± as a function of ξ. The observed BR of this mode [4] is B(B ± → ηK * ± ) × 10 −6 = 26.4
We find that the solution we have got from our previous two decay modes holds in this case: i.e., |λ [3] Since all the parameters are fixed, now it is interesting to see whether the decay B 0 → ηK * 0 fits in the allowed region. The observed BR for this mode by CLEO collaboration [4] is (in 10 −6 ) 13.8 we go to any realistic scenario, for example grand unified models (with R parity violation), we find a natural hierarchy among the sneutrino and squark masses. The squark masses are much heavier than the sneutrino masses and the bound does not apply any more.
The other observed B → P P and B → V P decay modes are listed in Table I for ξ = 0.25
and we find that the BRs are within the experimental limits. Our result on B 0 → K * + π − is compatible within 2σ range, but this measurement still involves large error.
We can use smaller value of γ, e.g., γ = 80 0 to fit the B → η (′) K ( * ) data. In this scenario we use m s (at m b scale) = 75 MeV. In Table II we show the BRs for B → η (′) K ( * ) and in Table   I we show the BRs for the other observed B → P P and B → V P decay modes in the case of γ = 80 0 . Again, we find the fit is reasonable. In this case, we use A B→K * 0 = 0.4 and keep the other inputs unchanged.
We now calculate the CP asymmetry for different B → η (′) K ( * ) modes. The CP asymmetry, A CP , is defined by
where B and f denote a B meson and a generic final state, respectively. Let us define
where δ denotes the phase difference between λ In Fig. 5 , we plot the BR for the deacy B ± → η ′ K ± as a function of ξ. We have used In Fig. 6 and Fig. 7 , we plot the BRs for B ± → ηK * ± and B 0 → ηK * 0 . Combining Figs.
5, 6 and 7, we find that |λ ′ |=0.052 and ξ ≃ 0.4 − 0.6 can explain all the data. In this scenario our result on B 0 → ηK * 0 is allowed by the world average bound. The BR of B 0 → η ′ K 0 is 107.4 × 10 −6 for |λ ′ | = 0.052 and ξ = 0.45 and is allowed by the CLEO data.
The BR for the deacy B ± → φK ± does not have a R p / contribution due to the cancellation.
The SM line (solid) in Fig. 2 needs to be used in this case and we find that ξ ≃ 0.45 is allowed.
The BRs of the other observed B → P P and B → V P modes do not get affected by the new couplings and these modes seem to fit the data reasonably well for ξ ≃ 0.3 − 0.5 [16] . We also calculate the A CP for this case. Since we have assumed that d ) that satisfy the experimental results for the BRs of these modes reasonably well. The Standard Model contribution is less than 2σ for some of these modes. These new couplings do not affect any other B → P P and B → V P modes except for the decay B ± → φK ± . We have shown that the calculated BR for B ± → φK ± agrees with the experimental data. 
